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,QWKHIUDPHRIWKH)3SURMHFW)25%,23/$67VHYHUDOQHZSRO\PHULFPDWHULDOVZHUHGHYHORSHGZKRVHPDLQQRYHOW\ZDVWKH
XVHRIZRRGILEHUVDVFRPSRQHQW LQFRPSRVLWHV3UHSDUHGSURWRW\SHVIRUDJULFXOWXUHDSSOLFDWLRQVZHUHWRPDWR\DUQSODQWSRWV
DQGVORZUHOHDVHIHUWLOL]HUVPDWULFHV0DLQREMHFWLYHVRIWKLVVWXG\ZHUHWRHYDOXDWHQHZO\SURGXFHGPDWHULDOVLQWKHDJULFXOWXUH
DSSOLFDWLRQV 7KH WRPDWR \DUQV ZHUH WHVWHG DFFRUGLQJ WR WKH VWDQGDUGV WKH\ ZHUH XVHG DV VXSSRUW IRU JURZWK RI GLIIHUHQW
KRUWLFXOWXUDO SODQWV ERWK LQ JUHHQKRXVHV DQG WUDGLWLRQDO IDUPLQJ DQG LWV KDQGOLQJ DW LQVWDOODWLRQ DQG SHUIRUPDQFH GXULQJ SODQW
JURZWK ZDV HYDOXDWHG <DUQV PDGH RI 3/$(FRIOH[ZRRG EDVHG FRPSRVLWHV VKRZ SK\VLFDOPHFKDQLFDO SURSHUWLHV ZKLFK
FRPSDUH IDYRUDEO\ ZLWK WUDGLWLRQDO SODVWLFV XVHG IRU SODQW IDVWHQLQJ 5RXQG GHVLJQ \DUQ ZLWK FRPSRVLWLRQ 3/$(FRIOH[
5HWWHQPDLHUZDVWKHPRVWVXLWDEOHPDWHULDOEHFDXVHRILWVJRRGKDQGOLQJDQGWKHZLGHUDQJHRISODQWVHYHQIRU
KHDY\SODQWVLWPD\VXSSRUW%LRGHJUDGDEOHWUDQVSODQWLQJSRWVZHUHXVHGIRUWUDQVSODQWLQJRISODQWVLQRSHQILHOGDIWHUDFHUWDLQ
JURZLQJSHULRGLQFRQWUROOHGFOLPDWLFFRQGLWLRQVDQGGXULQJWKHH[SHULPHQWVQRVWUXFWXUHFKDQJHZDVQRWLFHGDIWHUGD\VRI
XVDJH7KHIHUWLOL]HUVWLFNVZHUHXVHGLQSODQWVJURZQLQGLIIHUHQWVRLOW\SHVDQGLWVLQIOXHQFHLQSODQWVGHYHORSPHQWDQGIHUWLOL]HUV
GHOLYHULQJSURFHVVEXWDOVRWKHLQIOXHQFHLQPLFURELDOELRGLYHUVLW\DQGPLFURRUJDQLVPVUHOHYDQWIRUVRLOIHUWLOLW\ZHUHHYDOXDWHG
,QJHQHUDOWKHDPRXQWDQGGLYHUVLW\RIPLFURRUJDQLVPVLQFUHDVHLQWKHSUHVHQFHRIVORZUHOHDVHIHUWLOL]HUVLQFRPSDULVRQWROHYHOV
IRXQGLQVRLOVDPHQGHGZLWKOLTXLGIHUWLOL]HURUZLWKZDWHU7KHHIIHFWRIIHUWLOL]HURQPLFURELDOFRPPXQLW\JUHDWO\GHSHQGVRQ
W\SH RI VRLO DQG WKH SUHVHQFH RI SODQW RQ LW 7KH QHZ VWDUFKZRRG IHUWLOL]HU GHYHORSHG LQ WKLV UHVHDUFK SURPRWHV JURZWK RI
PLFURRUJDQLVPVWKDWDUHEHQHILFLDOIRUVRLOIHUWLOLW\VXFKDVQLWULI\LQJQLWURJHQIL[HUVDQGSKRVSKDWHVROXELOL]HUV7KHLQFUHDVHRI
ZRRGLQVWDUFKZRRGEDVHGIHUWLOL]HUFDXVHVDVWLPXOXVLQQLWULI\LQJEDFWHULDDQGSKRVSKDWHVROXELOL]LQJPLFURRUJDQLVPV


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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI$JURQRPLF6FLHQFHVDQG9HWHULQDU\0HGLFLQH%XFKDUHVW
Keywords:DJULFXOWXUHDSSOLFDWLRQVELREDVHGSURGXFWVELRGHJUDGDEOHSRWVVWDUFKZRRGEDVHGVORZUHOHDVHIHUWLOL]HUWRPDWR\DUQ
,QWURGXFWLRQ
,Q WKH DJULFXOWXUDO ILHOG V\QWKHWLF SRO\PHUV KDYH PDQ\ DSSOLFDWLRQV IRU JUHHQKRXVHV DQG WXQQHOV EXLOGLQJ
PXOFKLQJSUDFWLFHVSRWVDQG\DUQVWRVXSSRUWJURZWKRIVRPHSODQWVVXFKDVWRPDWRJUHHQEHDQVDQGVRPHPHORQ
VSHFLHV
<DUQVFXUUHQWO\XVHG WRVXSSRUWJURZWKRISODQWVDUHPDGHRISRO\SURS\OHQH 33RUSRO\HWK\OHQH 3(7KHVH
PDWHULDOV DUHQRWELRGHJUDGDEOHDQG WKH\ VKRXOGEHHOLPLQDWHGEHIRUHFRPSRVWLQJ WKHSODQWV'HWDFKPHQWRI\DUQ
IURPSODQWLVGLIILFXOWDQGXVXDOO\PRVWRISODQWELRPDVVUHPDLQVDWWDFKHGWR\DUQ&RQVHTXHQWO\LWFDXVHVHLWKHUD
ODUJHORVVRISODQWELRPDVVRUFRPSRVWFRQWDPLQDWHGZLWKSLHFHVRI\DUQ
7KHUHDUHFXUUHQWO\DYDLODEOHRQWKHPDUNHWVRPH\DUQVPDGHRIELRGHJUDGDEOHQDWXUDOILEHUVVXFKDVFRWWRQMXWH
RUKHPS+RZHYHUWKHLUXVHKDVQRWEHHQZLGHVSUHDGOLNHO\GXHRILWVZRUVHIHDWXUHVLQFRPSDULVRQWRV\QWKHWLF33
\DUQV&RQVHTXHQWO\WKHUHLVDQHHGIRUWKHGHYHORSPHQWRIQHZELRGHJUDGDEOH\DUQVZLWKLPSURYHGSURSHUWLHV
7KHPRVWLPSRUWDQWUHTXLUHPHQWVIRUSRWVWREHPDUNHWHGLQKRUWLFXOWXUHDUHQRQHJDWLYHLPSDFWRQSODQWJURZLQJ
VXLWDEOH IRU SRWWLQJ PDFKLQHV QR QHJDWLYH HIIHFW RQ ZRUNIORZ VWDELOLW\ ORZ ZHLJKW ORZ FRVWV SULQWDEOH DQG
ERQGDEOH ($1&RGH $SDUW IURP KRUWLFXOWXUH SRVVLEOH DSSOLFDWLRQV FRXOG EH RUQDPHQWDO DQG IORZHU SODQWV
EUHHGLQJSHUHQQLDOVWUHHQXUVHU\DQGDTXDWLFSODQWV
7KHIHUWLOL]HULQGXVWU\IDFHVDSHUPDQHQWFKDOOHQJHWRLPSURYHWKHHIILFLHQF\RILWVSURGXFWV7KLVLVGRQHHLWKHU
WKURXJKLPSURYHPHQWRIIHUWLOL]HUVDOUHDG\LQXVHRUWKURXJKGHYHORSPHQWRIQHZVSHFLILFIHUWLOL]HUW\SHV7UHQNHO
 6ORZ DQG SDUWLFXODUO\ FRQWUROOHGUHOHDVH DV ZHOO DV µVWDELOL]HG¶ IHUWLOL]HUVPHHW UHTXLUHPHQWV IRU DQ LGHDO
IHUWLOL]HUQDPHO\WKH\RQO\QHHGRQHVLQJOHDSSOLFDWLRQWKURXJKRXWWKHHQWLUHJURZLQJVHDVRQWRVXSSO\WKHQHFHVVDU\
DPRXQWRIQXWULHQWVIRURSWLPXPSODQWJURZWKWKH\KDYHDKLJKPD[LPXPSHUFHQWDJHUHFRYHU\LQRUGHUWRDFKLHYHD
KLJKHU UHWXUQ WR WKH SURGXFWLRQ LQSXW DQG LW KDV PLQLPXP GHWULPHQWDO HIIHFWV RQ VRLO ZDWHU DQG DWPRVSKHULF
HQYLURQPHQWV6KRMLDQG*DQGH]D
%LRGHJUDGDELOLW\ DQG FRPSRVWDELOLW\ DUH GHVLUHG SURSHUWLHV IRU WKHVH DSSOLFDWLRQV EHFDXVH RUJDQLF FDUERQZLOO
UHWXUQWRVRLOFORVLQJWKHF\FOH
,QWKLVFRQWH[WWKHSDSHUSUHVHQWVDQDQDO\VLVRQWKHSHUIRUPDQFHRIVRPHQHZO\GHYHORSHGELREDVHGSURGXFWVLQ
H[SHULPHQWDODQGRSHQILHOGWULDOV

0DWHULDOV$QG0HWKRGV

<DUQVSURWRW\SHVZHUHXVHGWRVXSSRUWKRUWLFXOWXUDOSODQWVJURZWK,QRUGHUWRHYDOXDWHWKHLUILHOGSHUIRUPDQFH
DQGIHDWXUHVIDUPHUVDQGWHFKQLFLDQVZHUHDVNHGWRILOOXSDQRQVLWHTXHVWLRQQDLUHDW\DUQLQVWDOODWLRQ7KH
TXHVWLRQQDLUHLQFOXGHGWKHIROORZLQJLWHPV
KDQGOLQJDWLQVWDOODWLRQUDQNLQJQHZO\\DUQSURWRW\SHVLQFRPSDULVRQWR33\DUQV
PDLQSUREOHPHQFRXQWHUHGRQLQVWDOODWLRQ
JHQHUDOFRPPHQWVVXJJHVWLRQVWRLPSURYHGHVLJQ
<DUQSHUIRUPDQFHZDVPRQLWRUHGGXULQJRQHF\FOHFXOWXUH'XUDELOLW\DQGUHVLVWDQFHWRVXSSRUWSODQWZHLJKWLQ
JUHHQKRXVHDQGRSHQILHOGHQYLURQPHQWVZHUHWHVWHGE\FRXQWLQJQXPEHURI\DUQVEURNHQXQEURNHQGXULQJRQH
F\FOHFXOWXUH7HVWVZHUHSHUIRUPHGERWKLQVSULQJVXPPHUDQGDXWXPQZLQWHU$IWHUYHJHWDEOHVKDUYHVWSODQWVDQG
\DUQVZHUHXVHGIRUSLORWVFDOHFRPSRVWLQJWHVWV
7KHELRORJLFDOPDWHULDOXVHGIRUSDOOLVLQJZDV6,5,$1$)WRPDWRK\EULGZKLFKLVFKDUDFWHUL]HGDVIROORZV
WRPDWRHVK\EULGRIILFLDODSSURYHGLQYHJHWDWLRQSHULRGLVEHWZHHQDQGGD\VLQJUHHQKRXVHVSODQWV
KDYHFPKHLJKWDQGLQRSHQILHOGFPWKHIUXLWLVDOPRVWDVURXQGVKDSHZLWKDPHGLXPKHLJKWRIFP
DQGGLDPHWHURIFPWKHDYHUDJHZHLJKWLV±JRQHSODQWSURGXFWLRQLVNJ
<DUQVZHUHPDGHRIVHYHQIRUPXODWLRQVGLIIHULQJLQWKHLUFRQWHQWVLQSRO\ODFWLFDFLG3/$(FRIOH[DQGZRRG
ILEHU7DEOH
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7DEOH&RPSRVLWLRQRI\DUQSURWRW\SHV
9DULDQW &RPSRVLWLRQ 7KLFNQHVVPP
5RPDUNHW 333RO\SURS\OHQH 
,QFHUSODVW 39&SRO\YLQ\OFKORULGH 
8QLSL[ 3/$(FRIOH[5HWWHQPDLHUZW 
8QLSL[ 3/$(FRIOH[/DVROHZW 
8QLSL[ 3/$(FRIOH[
5HWWHQPDLHUZW

3HPX 3/$(FRIOH[
5HWWHQPDLHUZW

3HPX 3/$(FRIOH[
5HWWHQPDLHUZW

3HPX 3/$(FRIOH[ZW 
3HPX 3/$(FRIOH[ZW 

7KHVORZUHOHDVHIHUWLOL]HUVH[SHULPHQWVZHUHFRQGXFWHGZLWKPetuniaVS DQGDianthus VS IORZHUVLQSRWV)RU
WKHIHUWLOL]DWLRQV\VWHP WKHUHZHUHXVHGVWLFNVZLWK WKHVDPHTXDQWLW\RIIHUWLOL]HUVJDQGDVYDULDEOHTXDQWLW\RI
ZRRGIORXU
$WWKHEHJLQQLQJRIWKHH[SHULPHQWWKHUHZHUHPDGHVXEVWUDWHVDQDO\VHVUHJDUGLQJS+SRWHQWLRPHWULFPHWKRG
VROXEOH VDOWV FRQWHQW FRQGXFWRPHWULF PHWKRG 1 3 . FRQWHQWV SKRWR FRORULPHWULF PHWKRGV IRU 1 DQG 3 DQG
SKODPSKRWRPHWULFPHWKRGIRU.7KHIHUWLOL]HUVZHUHDQDO\]HGWRGHWHUPLQHS+WKHDPRXQWRIDYDLODEOH13.LQ
WKHWRWDOIRUP7DEOHDQGDOVRZDVPDGHWKHDQDO\VLVRIWKHWUDQVSODQWLQJVXEVWUDWH
7DEOH)HUWLOLVHUVWLFNVXVHGLQH[SHULPHQWV
)HUWLOL]HUV6SHFLILFDWLRQ S+ 7RWDOFRQWHQW
1 3 .
6WDUFK1.3IHUWLOL]HU    
6WDUFK)7ZRRGIORXU1.3IHUWLOL]HU    
6WDUFK)7ZRRGIORXU1.3IHUWLOL]HU    
6WDUFK)7ZRRGIORXU1.3IHUWLOL]HU    
6WDUFK)7ZRRGIORXU1.3IHUWLOL]HU    

7KHUHZHUHPDGH WUDQVSODQWV IRUPetunia VS DQGDianthus VS IORZHUVZKHQ WKH SODQWV KDG  FP KHLJKW WKH
WUDQVSODQWVZHUHSXWLQFPGLDPHWHUSRWDQGWKHPL[WXUHRIVXEVWUDWHVZHUHXVHGSHDWDQGJDUGHQVRLO$WWKH
WUDQVSODQWLQJPRPHQWLQHYHU\SRWWKHUHZHUHLQWURGXFHGDVWLFNRIIHUWLOL]HUZLWKWKHVLPLODUZHLJKW
'XULQJWKHYHJHWDWLRQSHULRGVZHUHPDGHDQDO\VLVUHJDUGLQJWKHGHYHORSPHQWRIIORZHUVWKHKHLJKWVQXPEHURI
VKRRWVDQGIORZHUVDQGGU\PDWWHUVROXEOHFRQWHQWRIQXWULWLYHHOHPHQWVIURPVXEVWUDWHV
7KH SHUIRUPDQFH RI WUDQVSODQWLQJ SRWVZDV WHVWHG LQ RSHQ ILHOG DQG FRQVLVWHG RI WHVWLQJ WKH GXUDELOLW\ DQG
FRPSRVWDELOLW\ DIWHU XVDJH RI D W\SH RI ELRGHJUDGDEOH SRWV 3/$(FRIOH[5HWWHQPDLHU ZW 3/$
(FRIOH[  /D6R/H   ZW 3/$(FRIOH[  5HWWHQPDLHU   ZW XVHG IRU SURGXFLQJ
VHHGOLQJVLQFRPSDULVRQZLWKSODVWLFSRWVDQGDOYHRODUSDOOHWV
2EVHUYDWLRQVDQGGHWHUPLQDWLRQVZHUHPDGHUHJDUGLQJWKHEHKDYLRURIWKHVHELRGHJUDGDEOHSRWVDORQJWKHHQWLUH
YHJHWDWLRQSHULRG
9DULDQWV ZHUH SODFHG LQ UDQGRPL]HG EORFNV HDFK YDULDQW FRQVLVWLQJ RI IRXU UHSHWLWLRQV LQ RUGHU WRPDNH WKH
REVHUYDWLRQVDQGGHWHUPLQDWLRQVUHJDUGLQJWKHGHJUDGDWLRQSURFHVVRIWKHSRWVLQWLPH
7KHELRORJLFDOPDWHULDOXVHGIRUSRWVWHVWVZHUHWKHEURFFROLK\EULG021723)IURP6\QJHQWDFRPSDQ\DQG
WKH\HOORZGDIIRGLOVNarcissus pseudonarcissus. 
%URFFROL021723)&06LVDK\EULGZLWKDVKRUWYHJHWDWLRQSHULRGRIGD\V7KHOHDYHV¶FRORULVSXUSOH
DQGWKHKHDGVDUHURXQGHG,WLVQRWVHQVLEOHWRVXQOLJKW7KHSODQWVKDYHDPHGLXPYLJRUWKHOHDYHVDUHXSULJKWDQG
LWLVUHFRPPHQGHGIRUGHQVHFXOWXUHV,WLVUHFRPPHQGHGWREHFRQVXPHGIUHVKLQVDODGV7KHUHFRPPHQGHGGHQVLW\
IRUFXOWXUHV[FPRU[FP7KHKHDGVFDQUHDFK±NJ 
<HOORZ GDIIRGLO Narcissus pseudonarcissus  SHUHQQLDO KHUEDFHRXV SODQW FRPPRQO\ JURZQ LQ SDUNV DQG
JDUGHQV LQSRWV DQG VRPHWLPHV LQ WKHZLOGV%XON\ URXQGHGRURYRLGEXOE FRYHUHGZLWKEURZQFRDWV1DUURZ
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OLQHDUXSULJKWOHDYHVZLWKVWUHDPOLQHGERWWRPEURZQDOPRVWDVORQJDVWKHVWHP%LHGJHGIODWWHQHGVWHPFP
ORQJ6KRUWIORUDOSHGLFHOPP<HOORZIORZHUVVRPHWLPHVZKLWHRGRURXV3HULJRQZLWKF\OLQGULFDOFRUROOD
$QGURFHXZLWK VWDPHQV WKHJLQHFHX¶VRYDU\ZLWK WKUHHOREHGVWLJPD%ORRPV LQ0DUFK WKURXJK0D\6XPPHU
EXOEVDUHUHPRYHGHYHU\\HDURUWKUHH\HDUVIURPHDUWKFOHDQVRUWDQGNHSWLQVWRUDJHDWR&7KHEXOEVDUH
SODQWHGLQIDOO 

5HVXOWV$QG'LVFXVVLRQV

7KH\DUQXVHGLQVRODULXPVRUJUHHQKRXVHVVKRXOGQRWEHYHU\WKLQEHFDXVHWKHUHLVWKHULVNWRKXUWWKHSODQWE\
FXWWLQJWKURXJKWKHDFWLRQRILWVRZQZHLJKW7KH\DUQVPXVWKDYHDUHVLVWDQFHWRPDLQWDLQERWKSODQWDQGIUXLW,W
ZDV IRXQG WKDWD WKLFNQHVVEHWZHHQ WRPPDQGD UHVLVWDQFHRIPLQLP1ZDVRSWLPDO IRUH[SHULPHQWDO
\DUQV
,UUHVSHFWLYHRI WKH WKUHDGV¶GXUDELOLW\DOOYDULDQWV VKRZHGDYHU\VLJQLILFDQW ORZHUSHUFHQWDJHRIHORQJDWLRQ LQ
FRPSDULVRQZLWKFRQWURO9WKXVWKHWKUHDGVDUHEHWWHUVXLWHGIRUVXSSRUWLQJSODQWV,QJHQHUDOWKH3(08WKUHDGV
ZHUHPRUHXQLIRUPO\GUDZQDQGEHKDYHGEHWWHU7KHH[FHSWLRQZDV93/$(FRIOH[5HWWHQPDLHU
ZWGD\VZKLOHWKHRWKHUVODVWHGDGRXEOHSHULRGRIWLPH9±GD\V9±GD\V9±
GD\V LQ FRPSDULVRQZLWK81,3, WKUHDGV$PRQJ81,3, WKUHDGV EHWWHU UHVXOWVZHUHREVHUYHGRQO\ LQ9 3/$
(FRIOH[5HWWHQPDLHUZWZKHUHWKHWKUHDGVODVWHGIRUGD\V
7KH REVHUYDWLRQV PDGH GXULQJ WKH YHJHWDWLRQ SHULRG ZHUH FHQWUDOL]HG DQG VWDWLVWLFDOO\ SURFHVVHG LQ RUGHU WR
ILQDOO\LQWHUSUHWWKHUHVXOWVWDEOH
,Q 7DEOH  LW FDQ EH REVHUYHG WKDW 9 DQG 9 81,3, WKUHDGV DQG UHVSHFWLYHO\ 3(08 WKDW KDYH WKH VDPH
FRPSRVLWLRQRQO\WKDWLQ9WKHWKUHDGVDUHZLGHUPRUHSUHFLVHO\RIPPWKHGXUDELOLW\LQWLPHRIWKHWKUHDGV
ZDV VLPLODU 9   GD\V9   GD\V GLVWLQFWLYHO\ VLJQLILFDQW ,Q WKH FDVH RI9 DQG9 WKH UHVXOWV
UHJLVWHUHGYHU\VLJQLILFDQWSRVLWLYHGLIIHUHQFHVLQFRPSDULVRQZLWKFRQWUROWKDWODVWHGRQO\IRUGD\V
7KHUHVXOWVUHFRPPHQGWKHXVDJHIRUSDOOLVLQJRI WKHELRGHJUDGDEOH WKUHDGVIURPYDULDQWV999DQG9
ZLWKWKHLQGLFDWLRQWKDWWKHPRUHIOH[LEOHWKUHDGVDQGZLWKDZLGWKRIPPDUHEHWWHUVXLWHGIRUSDOOLVLQJ)RU
LQVWDQFHWKH9ZLGWKRIPPPDGHWKHNQRWWLQJKDUGHUWRPDNH
,QSDUDOOHOWKHEHKDYLRURI333RO\SURS\OHQHPPZLGWKWKUHDGVRQWKH5RPDQLDQPDUNHWZDVUHFRUGHGDQGLW
ZDVREVHUYHGWKDWWKH\EHKDYHGUDWKHUZHOOGXULQJSDOOLVLQJ7KXVRQWKHWKUHDGVKDGWKHVDPHOHQJWK
OLNHLQWKHEHJLQQLQJRIWKHH[SHULPHQWPHDQLQJFPZLWKQRHORQJDWLRQRUEUHDNDJH
)RU WKH WRPDWR\DUQSURGXFW LQ WKH8$690WULDO WKHEHVWTXDOLW\ZDVQRWHG IRU93/$(FRIOH[
ZW 9 3/$(FRIOH[ ZW 9 3/$(FRIOH[  5HWWHQPDLHU ZW IURP 3(08 DQG9
3/$(FRIOH[5HWWHQPDLHUZW IURP81,3,EXWZLWK5HWWHQPHLHU ILEHUV  WKHVWDNLQJSURFHGXUH
EHLQJUHDOL]HGLQDSURSHUZD\+RZHYHU WKHEHVWTXDOLW\SUHVHQWHGWKHPRVWIOH[LEOH\DUQVZLWKZLGWKEHWZHHQ
DQGPPDQGQRWPRUH
,QWKHH[SHULPHQWUHODWHGWRSDOOLVLQJWKUHDGWKHWKUHDGV9999DQGWKHWKUHDGVDOUHDG\RQWKH5RPDQLDQ
PDUNHWSURYHGWREHPRUHGXUDEOHDQGILWIRUSDOOLVLQJDQGVXSSRUWRIWKHSODQW
7KH WUDQVSDUHQW WKUHDGV90WDUH WRRIOH[LEOH WKH\VWUHWFKHG WRRPXFKGXULQJ WKHH[SHULPHQWEHFDXVHRI WKH
LQFUHDVLQJZHLJKWRI WKH WRPDWRSODQWVHORQJDWLRQDQG WKH\EHFDPHORRVHVR WKHSODQWVFXUYHGDQGDIWHU
WKDWVWDUWLQJZLWKGD\WKHWKUHDGVEHJDQWREUHDNEURNHQWKUHDGV
7KHWKUHDGV99DQG9DUHOHVVXQLIRUPO\GUDZQWKH\EUHDNHDVLO\DQGEHFDXVHRIWKHVHUHDVRQVWKHSDOOLVLQJ
ZDVPRUHGLIILFXOWWRGR
6WDUWLQJZLWKGD\WKH9WKUHDGVEHJDQWREUHDNLQWKHHQGDUULYLQJDWEURNHQWKUHDGV,WZDVWKHOHDVW
ILWIRUSDOOLVLQJW\SHRIELRGHJUDGDEOHWKUHDGV)URPGD\9WKUHDGVVWDUWHGWREUHDNWKHILQDOEUHDNDJHSHUFHQ
WDJHDUULYLQJDW9WKUHDGVVWDUWHGWREUHDNIURPGD\WKHILQDOEUHDNDJHSHUFHQWDJHDUULYLQJDW
,QJHQHUDO3(08WKUHDGVZHUHPRUHXQLIRUPO\GUDZQEHKDYHGEHWWHUDVWKH\ODVWHGDGRXEOHSHULRGRIWLPH9
±  GD\V9 ±  GD\V9 ±  GD\V LQ FRPSDULVRQZLWK81,3, WKUHDGV 7KH H[FHSWLRQZDV9
3/$(FRIOH[5HWWHQPDLHUZWWKDWODVWHGRQO\GD\V
)URPWKH81,3, WKUHDGVJRRGUHVXOWVZHUH UHJLVWHUHGRQO\ LQ93/$(FRIOH[5HWWHQPDLHU
ZWZKHUHWKHWKUHDGVODVWHGIRUGD\V
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9DQG981,3,WKUHDGVDQGUHVSHFWLYHO\3(08WKDWKDYHWKHVDPHFRPSRVLWLRQRQO\WKDWLQ9WKHWKUHDGV
DUHZLGHUPRUHSUHFLVHO\RIPPWKHGXUDELOLW\LQWLPHRIWKHWKUHDGVZDVVLPLODU9GD\V9
GD\VGLVWLQFWLYHO\VLJQLILFDQW
9DQG9KDGYHU\VLJQLILFDQWSRVLWLYHGLIIHUHQFHVLQFRPSDULVRQZLWKFRQWUROWKDWODVWHGRQO\GD\V
7KHVWDWLVWLFDODQDO\VLVLQGLFDWHGWKDWELRGHJUDGDEOHSRWVVKRZHGDYHU\VLJQLILFDQWQHJDWLYHGLIIHUHQFHUHJDUGLQJ
SODQWV¶JURZWKDQGGHYHORSPHQWSKRWRV\QWKHWLFDOO\DFWLYHIROLDUVXUIDFHDQGWKHKDUYHVWHGLQIORUHVFHQFHV¶ZHLJKW
,QJHQHUDOWKHSODQWVZHUHKLJKO\VWUHVVHGE\WKHELRGHJUDGDEOHSRWVLQWKHJURXQGPDLQO\EHFDXVHRIWKHLUUDGLFXODU
V\VWHP7KHVHSODQWVVXIIHUHGEHFDXVH WKH URRWV¶PDVVFRXOGQRWJHWRXWRI WKHSRWV DQG WKXVFRXOGQRWQRUPDOO\
GHYHORSLQWKHJURXQGDQGFRXOGQRWDVVXUHDQRUPDOJURZWKGHYHORSPHQWDQGEORRPLQJRIWKHSODQWV5HJDUGLQJ
WKH EHKDYLRU RI WKH ELRGHJUDGDEOH SRWV QR FKDQJH ZDV UHJLVWHUHG LQ WHUPV RI VWUXFWXUH GXULQJ WKH  GD\V RI
H[SHULPHQWDWLRQV ,Q SODVWLF SRWV WKHUH ZHUH QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV LQ FRPSDULVRQ ZLWK FRQWURO
7KRXJKLWZDVQRWLFHGLQWKLVYDULDQWWKDWWKHHDUOLQHVVRILQIORUHVFHQFHZDVYHU\VLJQLILFDQWO\KLJKHUWKDQFRQWURO
QDPHO\GD\VDKHDG$OVR WKHDYHUDJHZHLJKWRI WKH LQIORUHVFHQFHVZDVKLJKHUHYHQ WKRXJKZLWKQRVWDWLVWLFDO
VLJQLILFDQFHWKDQWKHFRQWURO
5HJDUGLQJWKHH[SHULPHQWVZLWKELRGHJUDGDEOHSRWVWKHREVHUYDWLRQVZHUHDQDO\]HGDQGUHYHDOHGWKDWWKHSODQWV
YHJHWDWHGEHWWHU LQ WKHEHJLQQLQJRI WKHYHJHWDWLRQSHULRG LQ WKHSRWV 3/$(FRIOH[5HWWHQPDLHU
ZW LQ FRPSDULVRQ ZLWK 3/$ (FRIOH[  /D6R/H  ZW LQ ZKLFK WKH YHJHWDWLRQ SHULRG HQGHG RQ
ZKHQWKHSODQWVHQWHUHGWKHYHJHWDWLYHUHVW1HYHUWKHOHVVLQWHUPVRISUHVHUYLQJWKHUHVWLQJEXOEVLWZDV
REVHUYHGWKDWWKHEXOEVSODQWHGLQWKHSRWV3/$(FRIOH[/D6R/HZWSUHVHQWHGDZHOOGHYHORSHG
UDGLFXODUV\VWHPZLWKFPORQJURRWVDWWKHHQGRIWKHH[SHULPHQWVRQDIWHUGD\VIURPSODQWLQJ
2Q WKH FRQWUDU\ WKH EXOEV IURP WKH SRWV 3/$(FRIOH[ 5HWWHQPDLHU   ZW KDG D OHVV GHYHORSHG
UDGLFXODUV\VWHPZLWKURRWVRIFPORQJ5HJDUGLQJWKHEHKDYLRXURIWKHELRGHJUDGDEOHSRWVQRVLJQLILFDQW
FKDQJHVLQVWUXFWXUHZDVUHJLVWHUHGGXULQJWKHH[SHULPHQWV
5HVXOWVREWDLQHGIRUVORZUHOHDVH IHUWLOL]HUVVKRZHG WKDW WKHEHVWYDULDQWZLWKD LQFUHDVH LQKHLJKWRIFP
ZDV6:)13.YDULDQWZKHQXVLQJWKHVPDOOVWLFN6:)13.ZLWKDKHLJKWRIFPDQGLQ
FDVHRIXVLQJJUDQXOHVYHUVLRQ613.ZLWKDKHLJKWRIFP
)URPWKHKHLJKWDQDO\VLVFRPSDUHGZLWKWKHXQIHUWLOL]HGFRQWUROLW LVFOHDUO\REVHUYHGWKDWWKHYDULDQWVZLWKWKH
EHVW UHVXOWVDUHELJVWLFNIHUWLOL]DWLRQZLWK613.VPDOO VWLFN IHUWLOL]DWLRQZLWK613.DQGJUDQXOHV
IHUWLOL]DWLRQZLWK613.
$JUHDWQXPEHURIVKRRWVZHUHREWDLQHGDWWKHELJVWLFN613.DQG6:)13.YDULDQWVZLWKD
QXPEHURIVKRRWVDWWKHYDULDQWVZKHUHZHUHXVHGVPDOOVWLFNV6:)13.ZLWKVKRRWVDQG6:)
13.ZLWKVKRRWVDQGDWJUDQXOHV613.DQG6:)13.YDULDQWVZLWKVKRRWVREWDLQHG
7KHZHLJKWRIPetunia SODQWVYDULHGRQ WKHLUYHJHWDWLRQSHULRG ,Q WKHPHGLXPYDOXHVFDVH WKHKLJKHVWZHLJKW
ZDVREWDLQHGDW6:)13.YDULDQWZLWKJ
7KHEHVWYDULDQWVIURPDZHLJKWSRLQWRIYLHZLQWKHFDVHRIXVLQJWKHELJJHUVWLFNDUH613.YDULDQWZLWK
JDQG6:)13.YDULDQWZLWKJDWWKHVPDOOVWLFN6:)13.YDULDQWVZLWKJDQG
6:)13.ZLWKJDQGZKHQXVLQJJUDQXOHVWKHEHVWYDULDQWZDV6:)13.ZLWKJ
7KH UHJUHVVLRQ IDFWRUVRQ IHUWLOL]HU LQIOXHQFHZLWK13.RYHUSODQW JURZWK DQGGHYHORSPHQW VKRZV WKDW WKH
SODQWKHLJKWZDVGLVWLQFWVLJQLILFDQWVWDWLVWLFDVVXUHGE\SKRVSKRUDQGQLWURJHQSUHVHQFHDQGYHU\VLJQLILFDQWDVVXUHG
E\ SRWDVVLXP FRQWHQW 7KH QLWURJHQ DEVRUSWLRQ LQPetunia VSSODQWV ZDV VLJQLILFDQWO\ LQIOXHQFHG E\ WKH QLWURJHQ
SUHVHQFHLQWKHVXEVWUDWHIROORZLQJWKHIHUWLOL]DWLRQILJXUH

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
)LJ7KHFRUHODWLRQEHWZHHQ13.FRQWHQWRIWKHVRLODQGPetuniaVSSODQWKHLJKW

7KHZRRGIORXULQIOXHQFHDQDO\VLVPDGHE\FRUUHODWLRQVGHWHUPLQHGWKHREWDLQLQJRIVRPHVLJQLILFDQWUHJUHVVLRQ
IDFWRUVDWWKHSODQWKHLJKWDQGVKRRWVQXPEHUDQGLQVLJQLILFDQWRYHUSODQWZHLJKWILJXUH


)LJ7KHFRUUHODWLRQEHWZHHQIHUWLOL]HUFRQWHQWLQZRRGIORXUDQGPetuniaVSSODQWJURZWKDQGGHYHORSPHQW

7KHFRUUHODWLRQEHWZHHQQLWURJHQFRQWHQWRIVXEVWUDWHDQGWKHGHYHORSPHQWRIDianthus VSSODQWVFDQEHREVHUYHG
LQILJXUH


)LJ7KHFRUUHODWLRQEHWZHHQQLWURJHQFRQWHQWRIVXEVWUDWHDQGWKHGHYHORSPHQWRIDianthus VSSODQWV

ǇEсϰ͘ϵϯϵǆϮ Ͳ ϭϳϲ͘ϵǆнϭϳϬϴ
ZсϬ͘ϱϮϲϯΎΎ
ǇWсϳ͘ϮϵϵǆϮ Ͳ Ϯϱϰ͘ϵǆнϮϰϯϵ
ZсϬ͘ϱϯϬϬΎΎ
Ǉ<сϭ͘ϵϴϲǆϮ Ͳ ϳϱ͘ϬϲǆнϳϰϮ͘ϱ
ZсϬ͘ϳϮϰϲΎΎΎ
Ϭ
ϮϬϬ
ϰϬϬ
ϲϬϬ
ϴϬϬ
ϳ ϭϮ ϭϳ ϮϮ Ϯϳ ϯϮ
E
ǇŚĞŝŐŚƚсϬ͘ϬϬϮǆϮ ͲϬ͘Ϭϳϴǆнϭϰ͘ϰϯ
ZсϬ͘ϭϭϴϯΎ
ǇƐŚŽŽƚсϬ͘ϬϬϭǆϮ ͲϬ͘ϬϭϮǆнϰ͘ϰϮϯ
ZсϬ͘ϭϯϰϭΎ
ǇĚƌǇŵĂƚƚĞƌсϬ͘ϬϬϮǆϮ ͲϬ͘Ϭϱϰǆнϴ͘ϯϴϴ
ZсϬ͘ϬϱϰϳŶƐ
Ϭ
ϭϬ
ϮϬ
ϯϬ
ϰϬ
Ϭ ϱ ϭϬ ϭϱ ϮϬ Ϯϱ
ǇŚĞŝŐŚƚсϮͲϬϱǆϮ Ͳ Ϭ͘Ϭϭϰǆнϭϯ͘ϴϯ
ZсϬ͘ϭϭϴϯŶƐ
ǇƐŚŽŽƚсͲϭͲϬϱǆϮ нϬ͘ϬϬϵǆнϭ͘ϴϬϲϴ
ZсϬ͘ϱϰϬϯΎΎ
Ϭ
ϱ
ϭϬ
ϭϱ
ϮϬ
Ϯϱ
Ϭ ϭϬϬ ϮϬϬ ϯϬϬ ϰϬϬ ϱϬϬ ϲϬϬ
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7KHSKRVSKRUXV FRUUHODWLRQVSHUIRUPHG VKRZV WKDW WKHQXPEHURI VKRRWVZDV VWDWLVWLFDOO\ VLJQLILFDQWO\GLVWLQFW
FRPSDUHGZLWKDianthusSODQWKHLJKWZKHUHFRUUHODWLRQLVREWDLQHGLQVLJQLILFDQWO\VWDWLVWLFDOO\DVVXUHGILJXUH


)LJ7KHFRUUHODWLRQEHWZHHQSKRVSKRUXVFRQWHQWRIVXEVWUDWHDQGWKHGHYHORSPHQWRIDianthusVSSODQWV

3RWDVVLXPDQHOHPHQWWKDWZDVUHOHDVHGVORZO\GXULQJWKHJURZLQJVHDVRQVLJQLILFDQWO\DIIHFWVSODQWJURZWKLQ
KHLJKWDQGGLVWLQFWO\VLJQLILFDQWQXPEHURIVKRRWVILJXUH


)LJ7KHFRUUHODWLRQEHWZHHQSRWDVVLXPFRQWHQWRIVXEVWUDWHDQGWKHGHYHORSPHQWRIDianthus VSSODQWV

6WDWLVWLFDOLQWHUSUHWDWLRQRIWKHELRPHWULFPHDVXUHPHQWVRIDianthusVS DQGWKHLQIOXHQFHRIZRRGIORXUSUHVHQFH
LQIHUWLOL]HUVVKRZVDQLQVLJQLILFDQWO\FRHIILFLHQWIRUWKHKHLJKWVRISODQWVDQGRQO\VLJQLILFDQWO\FRHIILFLHQWIRUWKH
QXPEHU RI VKRRWV REWDLQ 7R XQIHUWLOL]HG FRQWURO GU\PDWWHU KDG WKH ORZHVW UDWHV IOXFWXDWLQJ EHWZHHQ  DQG
)RU WKHRWKHUYDULDQWV YDULDQWVZKLFK FRQWDLQZRRG IORXU WKH DFFXPXODWLRQRIGU\PDWWHU LV WLOO DW
YDULDQWZLWKZRRGIORXU,QWKHSUHVHQFHRIGLIIHUHQWFRQFHQWUDWLRQVRIZRRGIORXUFRUUHODWLRQPDGHEHWZHHQWKH
WZRLQGLFDWRUVWKDWDOVRUHVXOWHGLQDFRHIILFLHQWLVLQVLJQLILFDQWVRWKLVVSHFLHVLVOHVVLQIOXHQFHGE\WKHSUHVHQFHRI
ZRRGIORXULQWRIHUWLOL]HUILJXUH


)LJ7KHFRUUHODWLRQEHWZHHQWKHZRRGIORXUFRQWHQWIURPIHUWLOL]HUVDQGWKHGHYHORSPHQWRIDianthusVSSODQWV
ǇŚĞŝŐŚƚсͲϮͲϬϱǆϮͲ Ϭ͘ϬϮϳǆнϭϯ͘ϴϰ
ZсϬ͘ϮϴϴϬŶƐ
ǇƐŚŽŽƚсͲϬ͘ϬϬϬϮǆϮнϬ͘Ϭϯϱϯǆнϭ͘ϵϲ
ZсϬ͘ϱϰϱϵΎΎ
Ϭ
ϱ
ϭϬ
ϭϱ
ϮϬ
Ϯϱ
Ϭ ϱϬ ϭϬϬ ϭϱϬ ϮϬϬ
ǇŚĞŝŐŚƚсͲϮͲϬϱǆϮ нϬ͘ϬϭϬǆнϭϬ͘ϴϭ
ZсϬ͘ϯϱϲϯŶƐ
ǇƐŚŽŽƚсͲϴͲϬϲǆϮ нϬ͘ϬϬϵϴǆнϬ͘ϲϯϬϲ
ZсϬ͘ϲϭϱϲΎΎ
Ϭ
ϱ
ϭϬ
ϭϱ
ϮϬ
Ϯϱ
Ϭ ϮϬϬ ϰϬϬ ϲϬϬ ϴϬϬ ϭϬϬϬ
ǇŚĞŝŐŚƚсϬ͘ϬϯϮǆнϭϭ͘Ϯϳ
ZсϬ͘ϬϱϰϳŶƐ
ǇƐŚŽŽƚсϬ͘ϬϮϭǆнϯ͘ϭϵϮ
ZсϬ͘ϮϯϬϮΎ
Ϭ
ϭϬ
ϮϬ
ϯϬ
Ϭ ϱ ϭϬ ϭϱ ϮϬ Ϯϱ
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6ORZ UHOHDVH IHUWLOL]HUV KDG D SRVLWLYH LQIOXHQFH RQ WKH GHYHORSPHQW RIPetunia VSIORZHUV EXW LQ WKH FDVH RI
FDUQDWLRQ Dianthus sp.WKLVVSHFLHLVOHVVLQIOXHQFHGE\WKHSUHVHQFHRIZRRGIORXURUIHUWLOL]HUV

7DEOH7KHFRQVROLGDWHGUHVXOWVIRUWKHHQWLUHYHJHWDWLRQSHULRGLQWHUPVRIHORQJDWLRQ
7KUHDGHORQJDWLRQFP/ILQDO/LQLWLDO 
1R 9DULDQW 7\SHRIELRGHJUDGDEOH
ILEHU
7KUHDGHORQJDWLRQ (ORQJDWLRQ 'LIIHUHQFH W 3 6LJQLILFDQFH
FP 5HODWLYH FP
 90W 39&SRO\YLQ\OFKORULGH      
 98QLSL 3/$(FRIOH[
5HWWHQPDLHUZW
     
 98QLSL 3/$(FRIOH[
/DVROHZW
     
 98QLSL 3/$(FRIOH[
5HWWHQPDLHUZW
     
 93HPX 3/$(FRIOH[
5HWWHQPDLHUZW
     
 93HPX 3/$(FRIOH[
5HWWHQPDLHUZW
     
 93HPX 3/$(FRIOH[ZW      
 93HPX 3/$(FRIOH[ZW      
  ;DYHUDJH      
 
7KUHDGHORQJDWLRQ/ILQDO/LQLWLDO FP 
'/   
'/   
'/   

&RQFOXVLRQV

7KH WRPDWR \DUQV H[SHULPHQW UHVXOWV UHFRPPHQG WKH XVDJH IRU SDOOLVLQJ RI WKH ELRGHJUDGDEOH WKUHDGV IURP
YDULDQWV999DQG9ZLWKWKHLQGLFDWLRQWKDW WKHPRUHIOH[LEOH WKUHDGVDQGZLWKDZLGWKRIPPDUH
EHWWHUVXLWHGIRUSDOOLVLQJ)RULQVWDQFHWKH9ZLGWKRIPPPDGHWKHNQRWWLQJKDUGHUWRPDNH
5HJDUGLQJ WKH UHVHDUFK DFWLYLW\ ZLWK 0RQWRS ) EURFFROL DQG \HOORZ GDIIRGLOV Narcissus pseudonarcissus
FXOWLYDWHGLQELRGHJUDGDEOHSRWVDWWKHHQGRIWKHH[SHULPHQWQRVWUXFWXUHFKDQJHZDVQRWLFHGLQWKHELRGHJUDGDEOH
SRWVDIWHUGD\VRIXVDJH7KHURRWVPDVVFRXOGQRWJHWWKURXJKWKHSRWVWKXVLWFRXOGQRWGHYHORSSURSHUO\DQG
WKH SURGXFWLRQ FRXOG QRW EH YDORUL]HG EHFDXVH RI WKH ORZ TXDOLW\ LQIORUHVFHQFHV ,Q FRPSDULVRQ ZLWK FRQWURO
DOYHRODUSDOOHWWKHVWDWLVWLFVLQGLFDWHGDYHU\VLJQLILFDQWQHJDWLYHGLIIHUHQFHLQELRGHJUDGDEOHSRWV
,WLVQHHGHGWRFRQWLQXHWKHH[SHULPHQWVE\LQWURGXFLQJLQWKHUHVHDUFKVWXG\WKHYDULDEOHVRIZDWHUUHWHQWLRQDQG
KXPLGLW\ OHYHO LQ SRW¶V VRLO LQ RUGHU WR HVWDEOLVK WKHLU EHKDYLRU LQ WLPH DQG WKHLU LQIOXHQFH RQ WKH JURZWK
GHYHORSPHQWDQGSUHVHUYDWLRQRISODQWVEXOEV
,QWZR\HDUVH[SHULPHQWZHUHXVHGGLIIHUHQWVORZUHOHDVHIHUWLOL]HUVZLWKWZRIRUPXODVIRUWKH13.FRPSRVLWLRQ
DQGZLWKWKHVDPHSHUFHQWVRIZRRGIORXUVRWKHFRPSDULVRQEHWZHHQWKHUHVXOWVREWDLQHGLVGLIILFXOW
,QJHQHUDO WKH IHUWLOL]HUVPDGHZLWKZRRG IORXU GHWHUPLQHG WKHGHYHORSPHQW RIPetunia VSDQGDianthus VSLQ
YHU\JRRGFRQGLWLRQVVREHVWUHVXOWVZHUHREWDLQHGDWZRRGIORXULQWKHVWLFNVPDWUL[FRPSRVLWLRQ7KH
IHUWLOL]HUVKDGDJRRGFRPELQDWLRQRIQXWULWLYHHOHPHQWVIRUWKHWZRVSHFLHVRIIORZHUV
$QRWKHUUHFRPPHQGDWLRQLVWRVXSSOHPHQWHYHU\SRWZLWKDQRWKHUVWLFNDIWHUILYHZHHNVLQRUGHUWKHIORZHUVWREH
SURSHUO\GHYHORSHGIRUWKHHQWLUHVXPPHU

$FNQRZOHGJHPHQWV

7KLV UHVHDUFK ZRUN ZDV FDUULHG RXW ZLWK WKH VXSSRUW RI ³)RUHVW 5HVRXUFH 6XVWDLQDELOLW\ WKURXJK %LREDVHG
&RPSRVLWH'HYHORSPHQW´)33URMHFWDFURQ\P)25%,2%/$67


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
%LHGHUEHFN 92 &DPSEHOO &$ 8NUDLQHW] + &XUWLQ ' %RXUPDQ 27 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